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(2) ??????????
WorldCup98??????????? 2.4????????????????????
?????????????????????????????????????
?????????????????CPU, Memory, HDD?????????? stress
????????????????????????????
(3) ???????????????????
?? (2)????? 10?????????40????????????BN???
?????? 1??????????????????????? CL?????
???????????????5????? 5??????????? 6???
??? ???????????????????? 5?????????????
?????????????????????????? 1??????????
???????????????????????? ?????????????
21
? 2.3: ??????????????
????????????????????????????????????
?????????????????50????????????????? 8?
? 40????????????????????????????? 8?? 40?
???????? 3?????????????? 5???????2??Web??
?? DB?????????? 1????? 2????? 3???????????
??????? 5?????????? 2???Web???Web A??? 4????
?????Web???Web B??? 6???? 2??Web????????DB??
??????????? 2.5???????????? 5????????????
?? 3????????????????
(4) ?????????????
CL?? 40????????????????????????????????
???(a)????? BN???????? 40???????????Whole???(b)
?? (3)?????????????? BN??????(a)??????????
??????????????????????????? ??????????
????????????????????????????????????
????????????????????Whole??????????????
??????? 2.5????????????? BN?????????? 1???
???? P? ???????? CL??????????????? D? ?????
?????????????????????? 10??????????????
????????????? 10???????????????????? 10???
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? 2.4:????????????????????
??????????????????????????????????????
??????MA=4?????????? 4?????????????????
2.3.4 ????
? 2.2? 1?????????????1?????????????????????
? 2.2: ????: 1??
Heat ID Training Data Avg Dist. Euclid. Correlation
Base Base   5.36 -0.16
L1 Base+0-5 20.49 3.21 0.34
L2 L1+5-10 21.97 3.03 0.38
L3 L2+15-20 6.02 0.91 0.66
L4 L3+25-30 8.79 0.16 0.98
??????????? (Base)?????1???????????????????
???????? (L1)???? 1????????????????????? (L2)?
??????????????????????????????????????
Heat?????? Heat ID?????? Heat???Training Data??? Heat??????
??Avg Dist.??? Heat????????????????????????????
???????Euclid.? Correlation??????????????? BN???????
?? Heat?????? BN????????????? ??????????????
??Euclid.? 0?????Correlation? 1?????? ?Whole????????????
? 2???L1, L2, ...??????????????????? ??? 0????????
????? 1?????????????????????????????????
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? 2.5: BN??? CL????????
???????????????????????????????????????
Base???????????????? 2.6????? 1?????? 5??? CL??
??????????????????????????? 6????????? 20.49?
??????????????????????????? Heat??? L1?????
?? 2.7????L1??? 2???5?? 10????CL?????? 6????????
? 21.97???????????????????????? L2, L3?????????
??? L4???????????? ??? 2.8????
??????? 1,2,4,6? 4??????????????? L4??????Heat? L1
?? L4????????????? ??????????????????????
L4??Whole???????? ??? 0.16?????? 0.98????? 8??? 4????
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? 2.6: Base?????
?????????????????? 2.9????????????????????
?????????????????????????????????8????L4
???????? 4????????? (R4)??????????????????L4
??? 4???????? 8?????? (F4)??? (C4)??? (S4)? 4????????
????? 2??????????? (P4)??????????????? 2.3??
? 2.3: ??????????
Heat ID Training Data Avg Dist. Euclid. Correlation
L4 L3+25-30 8.79 0.16 0.98
R4 Reverse of L4   0.38 0.96
F4 Base+0-20   0.42 0.78
S4 Base+20-40   1.21 0.85
C4 Base+10-30   1.50 0.60
P4 Base+0-10,30-40   1.49 0.43
????????? L4?????????L4?Whole??????????????
?????????????L1???? L4???? 10???????? 2.4?? 2.5??
??Exp. ID??? ID?Heat ID???????????????????? Heat ID??
?????? Heat ID?Euclid.??? Heat?????????????????????
???Correlation??????????????? 1????? Heat?????2????
?????????????????????????????????? Heat??
??????????????Heat ID? R???? Heat??????????????
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? 2.7: L1?????: ? 2??? CL(4?)?????????
???????R???????????????????????????????
????????????Eval.??????????????????????? O?
???????? X???????????????? ??????????????
??????????? Exp Dd?????????????????????????
????????????? O??????????????? 10?? 7??????
???????????????????????????????????????
???????????????????????????????????????
??????????????????????????????????????
??????BN??????????????????? [22]???????????
?? BN?????????????????????
2.3.5 ?????
??????????????????????????????? 5?????
???????????????????????????????????????
????????????????????????????? 5?????????
???????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????
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? 2.8: L4?????: CL?????????
2.4 ????
Ira Cohen?? [5]???????????????? TAN(Tree-Augmented Bayesian Network)
??????????????????????????????????????
??Steve Zhang?? [4]?????????????????????????????
???????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
????????????????????????Satoshi Iwata?? [9]??????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
?????????????????????Thanh H. D. Nguyen?? [10]??????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????????????? ????????
??????????????????????????? Control Charts??????
17????????? ??????????? 6????????????????
????1????? 4????????????????74-80%?????????
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? 2.9: Whole?????
???????????????????????????????????????
???????????????????????????
2.5 ???
Web????????? CPU?????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????????????????????????????????10?? 7???
??????????????????????????????????????
???????(1)CL????????????????????????????(2)
???????????????????????????????????????
??????CL???????????????????????????????
??? 6????????????????????? 5??????????????
???????????????????????????????????????
? CL?????????????????????????????????????
??????????????????????????????????????
????????
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? 2.4: ???????????????????
Eval. Exp. ID Heat ID Euclid. Correlation
X Exp Sa L4 0.66 0.36
R4 0.60 0.88
O Exp Sb L2 2.57 0.95
R2 3.19 0.95
O Exp Sc L4 0.16 0.98
R4 0.38 0.96
X Exp Sd L4 1.27 -0.07
R4 0.73 0.28
O Exp Se L4 1.26 0.37
R4 1.31 0.30
? 2.5: ?????????????????
Eval. Exp. ID Heat ID Euclid. Correlation
O Exp Da L2 1.27 0.90
R2 1.45 0.90
X Exp Db L2 1.34 0.90
R2 0.97 0.95
O Exp Dc L3 0.39 0.97
R3 3.50 0.88
O Exp Dd L3 0.57 0.80
R3 2.42 0.85
O Exp De L3 0.97 0.95
R3 3.37 0.72
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?3? Grid???Web?????????
???
3.1 ??
Globus toolkit [26, 27]???? Grid?????????????????Open Grid Services
Architecture (OGSA) [28]???? Grid???????????????????????
?????????????????(Service-Oriented Architecture:SOA)?????????
??????????????????????????????????????
???????????????????????????????????????
????Grid?????????????????????????????????
???????????????????????????????????????
???Global Grid Forum (GGF)?W3C? OASIS?????????? Grid?????Web
??????????????????????????
?????Grid???????????????????????????????
?? 2?????????????
 ??? Grid?????? Globus toolkit?????????????? e??????
???? ????????????? ???????? ??????? Grid ??
???
 ??????????????????Grid?????????????????
????????????????????????????????????????
????????????????????????????????????? Web
???????????? 3?Web??? e???????????? [29]??????
??????????????????? 1??????????????????
????????????1??????????????????????????
??????????????????????????????????????
?????????????????
Grid?????????????????????????????? Grid?????
???????????????????????????????
???????????????????? 3? J2EE Web????????????
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JSP
(View)
Servlet
(Controller)
Entity
(Persistence)
HTTP
RMI
(Remote)
Web Container
Session
(Biz Logic)
EJB Container
RMI(Local)
DB
Server
JDBC
User
(Browser)
User
(Browser)
(1) Typical web application – EJB version
? 3.1: ????Web3??????????
Grid???????????????????????Grid????????????
?????????
????3.2??Web????????? Grid?????????????Web???
?????????Grid?? 2????:delegation? porting??????????????
???????????????????????????????????? Grid??
??????????3.3??????????????????????Grid???
???????????????????????????????????????
????????3.4??????????????????
3.2 ?????????Grid?
3.2.1 ??
???? Web?????? HTTP????????????Web?????????
???????????????????????????????????????
? 3.1???????J2EE???????????? Enterprise Java Beans (EJB)[29]???
?? 3?Web??????????????????? 3????
 Web???. HTTP?????????????????JavaServer Pages (JSP)? Servlet
????????????Web????????????
 ???????????. ??????????????????????????
?? Session Beans??Entity Beans??????Session Beans???????????
????????????????????????????????????
??Entity Beans???????????????????? EJB????????
????
 ?????????. ?????????????????? ? Entity Beans???
???????JDBC API?????????
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JSP
(View)
Servlet
(Controller)
Entity
(Persistence)
HTTP
RMI
(Remote)
Web Container
Session
(Biz Logic)
EJB Container
RMI(Local)
DB
Server
JDBC
User
(Browser)
User
(Browser)
Grid Service
(Delegator)
SOAP/HTTP
Server or
SOAP Client
Grid Container
? 3.2: Delegation???
??????????????????????????????????????
?????????????????????????????????
??????????????????????????Grid??????????
???Grid??????????????????????????????????
????? 2?????????????????????????????????
?????????Web????????????? OGSA??? Grid????????
??????? Grid???????????????????Web??????????
???????????? Grid?????????????????????? Porting
??????? Delegation???????
3.2.2 Delegation? Porting
Delegation??????Grid???? SOAP?????? Java RMI?????????
?Delegator???????? 3.2????Delegation????????? EJB???????
???????????????Grid??????????????????????
????????????? EJB????????????????????????
? EJB???????????????????????????? EJB???????
????????? Grid?????????????????????????????
???? ??? ??????????? HTTP?? SOAP??????Web?????
???? SOAP????Web?????????????????????
???Porting???????????????Web????????????????
? Globus Toolkit???????????Porting??????EJB????? Grid????
?????????????????????????????????? [28]Toolkit
????????????????????????????????Java Beans???
???Web?????????????????????????
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??????????? Grid?????????????????????Web??
?????????????????????Porting?????????????Web?
???????? Gloubs 3.2?? Porting??????????????? EJB?????
?? Grid??????????????????????????
3.2.3 Porting??
??????????????????????????????????????
?????????????????????????????? 5????????
??????????
 ?? ??. 1???????????????????????????????
??????????????????
 ????. 2???????????????????????????????
???????????
 ??????. ?????????????????????????????
???????????
 ??.????? Lock????????? SQL????????????????
??????????
 ?????. Web???????????EJB???????????
??Web????????? 1?? EJB Session BeanTeller??4?? EJB Entity BeanAccount,
Customer, Transaction, and AcctCustRel?????????
EJB??????Web??????????????? Porting????????Entity
Beans??? Java???????????Session Beans?? OGSA??? Grid?????
???? Java RMI?? SOAP?????????2?????????????????
?????????????????????????????3??????????
??????????????? EJB??? Session Beans? Entity Beans???? EJB???
?????????????????? Hibernate????Session Beans?????????
Entity Beans??? Java????????Object-Relation Mapping Framework[30]? Hibernate?
????????????Porting????????????? Grid????Grid????
? Hibernate??????? 3.3????? 2???????????
Hibernate????Entity Beans??? Java??????????????? Hibernate??
????Hibernate? Java Object??????????? SQL?????????????
?????????????????Hibernate? Java???????????????
???????????????????EJB? create?????????????????
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Grid Service
(Biz Logic)
SOAP/HTTP
JSP
(View)
Servlet
(Controller)
: need to be modifiedBold
DB
Server
JDBC
Grid ContainerWeb Container
HTTP
JSP
(View)
Servlet
(Controller)
HTTP RMI
(Remote)
Web Container
Session
(Biz Logic)
EJB Container
DB
Server
JDBC
(3) Grid version – no beans
(2) Hibernate version – no entity beans
O/R Mapping
(Persistence)
User
(Browser)
User
(Browser)
User
(Browser)
User
(Browser)
O/R Mapping
(Persistence)
? 3.3: Hibernate?? Grid?
EJB? finder ???? ????????????????????????? ? setter/getter
??????????????????????????EJB???????????
????????????? XDoclet??????????????? 2???????
?????? Hibernate?????????????????
Grid????Web????? EJB?????? Java RMI???????Web?????
Grid?????? SOAP/HTTP?????????????????Entity Beans????
? Java?????? XML??????????????SOAP????????? Apache
Axis???? Stub??? ????? wsdl2java??????
Session BeansTeller? Grid???? TellerService??????????????????
??GWSDL (Grid Web Services Definition Language)??????????????????
Session Beans????????? GWSDL? XML??????????????????
? java2wsdl????WSDL?????? Java??????????????????
?????????????????????Globus Toolkit?? gwsdl2java????
????GWSDL????????????/?????????????????????
1
3.2.4 ????
????????Web????????? Globus??? Grid???? Porting????
???????????Grid?Web???????????????????????
1???????????? ??????????? ?? ????Stub ??? ??????????
????
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??SOAP???? XML???????????Java RMI?????????????
?????????????????? XML??????????????????
???????????????????????????????????????
???????????????????????????????????????
?????Grid?????Web????????? Porting?????????????
???
??????????????????????????????? 3???????
?????????????????????????EJB??????? JBoss3.2.3[31]
??Web??????? JBoss??????? Tomcat4.1??????????????
?? PostgreSQL7.3.4?????Grid??????? Globus Toolkit3.2??????? Apache
Axis??????
?????Web?????Grid??????????????????????????
???1?????? 1??????????????????? 1.8GHz Pentium4??
??? 1?? 2GB?????????RedHat Linux 9?? Java???? J2SE1.4.2?????
????????
?????????????????????????????????????
??JMeter2.0??????????????????
????????????? 2.4GHz Xeon????? 2?? 1GB????????RedHat
Linux 9???????? 2??????????????????????????6?
????? ??????????????????????? ???????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????? ID?????? ????????????????????????
?????????????????? 25???????????????????
? 25????? 1500?????????????????????????????
? 5?????????????????????????????????????
??????????????????????? 3??????????? 20???
?????
? 3.4??3?????????????????????????????????
????????????Grid????? EJB??????????????????
??EJB???? Hibernate??Grid????????????
????????????Web?????? Servlet?EJB?????? Session Beans?
Grid?????? Grid?????????????????????????????
 Tt.?????????????????Web???????????????
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Average Response Time
0
50
100
150
200
250
300
350
EJB version Hibernate
version
Grid version
Logout
TransferFund
GetTransactionList
GetAccountList
Login
? 3.4: 3??????????????????
? 3.1: RMI???? SOAP????????
Tm in EJB (ms) Tm in Grid (ms) Overhead (ms) Ratio(%)
Login 101.7 109.0 7.3 3.7
GetAccountList 112.6 160.9 48.3 22.2
GetTransactionList 96.7 158.7 62.0 23.9
 Tw. Web?????? Servlet?????????
 Ta. EJB?????? Session Beans??? Grid?????? Grid?????????
????
Ta? Session Beans? Entity Beans??? Grid????????????????????
???????????Tw? Ta??????Web?????? Servlet??????Web
????? EJB/Grid??????????????????????????????
????HTTP? SOAP?????????????????????
??????????????????????????Java RMI? SOAP????
????????? Tm? Tw   Ta???????Tm??Servlet???????????
Servlet? Session Beans??? Grid????????????????Tm? 2?????
????????????????????
? 3.1??3?????????????????????????SOAP?????
? RMI???????????? 20%??????????????????????
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???????????????????? [32]?
?????? SOAP??????????????????????????????
? Grid?? EJB????????????????????????????? Hibernate
??? Java????????????????????????????EJB????
? Entity Beans?????????? Container Managed Persistence (CMP)????????
????????????????????Hibernate?????????????? ?
???????????????????????????????????????
Hibernate???????????????????????????????????
?????????????????????????
??????????????????????????????????????
???????????????????????????????????????
????????????????????????? ??????
Hibernate?? Grid???????????????????????? JTA (Java Trans-
action API)?? JDBC Transaction???????????Grid?????????????
3.3 ?????????????
Grid?????????????????????????????????????
????????????????????????????????????Web?
???????????????????????????????????????
??????
??????????????Grid?????????????????????
???? 3?Web???????????????????????????Web???
???????????????????????????????????????
?????????????????????????????????Web???
?? Grid??????????????
?????????????????????? 3.5???????????????
???Web???? Grid??????????????Web????????? Grid?
?????????Grid????????????????????????????
??? Grid??????????????? Grid??????????????
Grid Manager????????????????????? Grid?????????
?????????????????? Grid???????????????????
?????Web Load Balancer (??WLB)? Grid Load Balancer(?? GLB)? 2???????
????????WLB?Web???????????????????GLB? Grid??
????????????GLB? Web???????????????? Grid ???
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Grid
Grid
DB
Grid
Web
WLB: Web Load Balancer
GLB: Grid Load Balancer
Web: Web Container
GM: Grid Manager
Grid: Grid Container
GI: Grid Instance
DB: Database manager
HTTP
Client
User
GM
GI
GI
GLBWLB
Web GI
? 3.5: Grid?Web??????????????????????
???????????????????????????????????????
?? GLB??????Web???????????????????Grid?????Grid
??????????????????????????????????????
???
WLB????????? Sticky-Session?????????????????????
????????????????????????????????? ID?????
Web??? ID????? Cookie??????????????????WLB? 2?? ID
? Cookie????????????????????????????????? ID?
????????????????????????????WLB????????
????????? Round Robin???????????????????????Grid
??????????? Session?????????GLB????? Round Robin????
?????? Grid????????????
???????????????????? ????????????Web????
Grid????Grid????? Grid????????????????????????
??????????????????????????Web????????? Grid?
??????????????????Grid???????????????????
????????????????????
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????????????? Grid???????????????????????
??? Grid????????????????? Grid??????????????
??????? Grid????????????Grid????????????????
?????????3??????????????????????????????
??????????????????????????????????Grid???
?????????????????????????????? 2????????
?????????
Web???? Grid??????1Grid??????? Grid ????????????
?????????????????????????????????
 W-G x : ??Web???,  ?? Grid???, 1??????  ?? Grid????
?????????
? 3.2 ??????????? ???????????????????? ????
(Web/Grid/Database ????? 1.8GHz ??????????????? 2.4GHz ?????
100MbpsEthernet???)?????????????????????????????
??????Java???????????????????????????????
???? 5%???????????????
? 3.2: ??????????? (???)
W1-G1x1 W2-G1x1 W1-G1x2 W2-G2x1 W2-G3x1
Login 77.0 57.7 61.7 37.7 46.8
Logout 23.4 12.2 19.6 13.2 16.5
GetAccountList 88.3 73.2 72.8 46.5 56.2
GetTransactionList 115.9 140.7 108.1 81.1 117.4
TransferFund 133.4 143.8 116.3 80.8 101.6
????Web???? Grid??????????????????????????
????????Grid?????? 3???????????????????????
???????????????????????????????
Grid????? Grid????????????? 2???????????????
????1Grid??????? Grid????????????????????????
????????????Web???????Grid?????????????????
???????????????2??Web?????1?? Grid???????????
???????????????????????????????????????
????????Web??? 1?????Grid???? GetAccountList, GetTransactionList,
and TransferFund??????????????21.3 ms, 38.1 ms, and 65.9 ms???????
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? 3.6: ???????????????????????
????Web???? 2????????????????30.0 ms, 72.6 ms, and 95.3 ms??
???
? 3.6??1Grid??????? Grid??????????????????????
??????????????????????????????????? 3?? 5
????????????????????????? 8?????????????
??????????????????????????????? 5???????
??????????????????? 5%???????????
Grid???????????????????????????????????
???????????????????????????????????????
???????????? 180??????60???????? 1??????120??
?????? 1????????????????????????? 3??????
?????????? 40????????? 3.7?????????Grid???????
?????????????Grid??????????????????
3.4 ????????
?????????????????????????????Web????????
? Grid????????????????????????????????????
????????????????????????? Web??????????Globus
????????????????????????????????????????
??????????????Grid????????????????????????
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Average Response Time
0
40
80
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W2-G1x1 W2-G2x1 W2-G3x1
Configuration Name
getAccountList
getTransactionList
login
logout
transferFund
? 3.7: Grid?????????????
Web????????? Grid????????????????Grid????????
???????????????????????????????????????
????????????????????????????Grid?????????
????????????? Grid????????????????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????Grid??????????????????
??????????????????????????????????
Grid??????? 3?Web???? ???????????????????[33]
??????????????????Web????????JSP? Servlet??????
?????????Java????????????????Grid?Web????????
???????????????????????????? Grid?????????
??????????????????????????? ????????????
??????????????????????????????????????
? Grid???????????????????????????????Grid???
??? Java???? Servlet???????????????????????????
????????????? Grid????????????????????????
?? J2EE???Web????????? Grid????????????????Grid?
???????????????????????????Web??????????
??????
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????????????Web????????????????????????
??????????????? Grid????????????????? [34]????
???????????????????????????????????????
???????????????????????????????????????
Grid?????????????????????????????????????
????????????Web?????????????????????????
???????????
???????????????????????????????????????
Grid??????????????????? Web????????????????
????Akamai? Digital Island???? Content Distribution Networks (CDN)????????
?????????? CDN????????????????Web?????????
??? ???????????????????CDN??????????????
??????????????????????????????????????
????????????????? 3? e????????????????????
????????????Web??????????????????????????
???????????????????????????????????????
??????????
??????????????????????????????????????
???????????? Grid?????????????????????????
??????????? 1???????????????????????????
???????????????????????????????????????
?????????????????????????????
???????????????????????????????????????
??? Form??????????????????????????????????
?????Web????????????????????????????????
????Grid???????Grid?????? Grid???????????????
???????????Grid???? Grid????????????????????
??????Grid???????????????????????????????
?????????????????????
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?4? ????????????????
???
4.1 ????
????, ?????????????????????,???????????
?????????, ?????????????????? ????????. ??
???,????????????????????????,????? ?????,
???????????????????????,???????????????
????????.
???????????????????,??????????????????.
??,?????????,???????????????,???????????
?????, ?????????????????? ,??????????????
??.
...
1 g := 0;
2 l := f(5);
3 h := g + 10;
...
? 4.1:????????? g ??????,?? f ??????
??? , ? 4.1???????????????,? 1???????? g ?????
???? 3??????? 1????? 3????????. ???? 4.2.??????
?? ????? f ????????. ??????????????????????
????? ?????????????????????????????????
??????????????,??????????????, f ?????????
? ,??????????????????,???????????????.
 f ???? g ??????, 1 ? 3??????,????, f ?? g ???? 3??
???
 f ? g ??????????????????????????, f ?? g ???
? 1???? 3?????
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 f ? g ??????????????, 1? 3?????
??, ??????????????????????, ????????????
?,??????????????????????????????,???????
??????????, ?????????????????????????? , ?
??????????????????,??????????????,??????
???????????????????????????????.
???????????, ????????????????? ,????????
??????????,?????????????????????????. ???,
???????????????????????,???????????????
?????????.
? 4.2??????????????? ?????????. ??????? ???
??????????????? ,???????????????????????
???????? ,?????????.
Source Code
Program Dependency Graph(PDG)
Analisys of Data Dependences and
Control Dependences(Sec. 4.3)
translation
computation of slices
Analisys of Reachability(Sec. 4.4)
Slice
inputUser
a program point
variables{
? 4.2: ??????????
?????????, 4.2.?,??????????????????????, 4.3.?,
????????????????????????? ? 4.2????????, 4.4.?,
???????????????????????? ? 4.2?????????, 4.5.?,
??? ???????????,???????.
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4.2 ???????????????
?????, Ottenstein, Horwitz????,?????? ??????????????
???,???????????????????????. ?????,??????
????????????, ??????????????, ???????????
???????? 4.5.??????,???????????????????????
?????????. ?????,????,???????????????????
????????.
4.2.1 ????
???????????? ???????????, ??????????? Pascal
??????????. ?????????????,??????????,????
???????????,???????????.
????????????? (if), ???, ???? ? (while), ??? (readln), ???
(writeln), ??????? ?, ??? (begin–end)???. ??????????????
?????????.??????,??????,????????????, ????
????????,????????? (? 4.7??). ??????,?????????
????????????????????????,??????????????
????. ????,?????????????????????,?????,???
?????.
4.2.2 ??????????
???????????????? (Control Dependence,??CD)???????? (Data
Dependence,?? DD)?????. ? s? if????????????????,??, s?
?????? s1 ??????? s2 ????????????????, s1 ? s2 ???
CD???????.??? CD??? (s1 -s2)???. ??,? s1????? v???? ,
v???????? s2??????????1?, s1? s2??? DD???????.??
? DD??? (s1 -v s2)???.
4.2.3 ?????????? (PDG)
?????????? (Program Dependence Graph,?? PDG)??,??????????
????????????????,?????,????????????????,
???,????,??????????? ,???????????????????
?? ,??????????.??? ,??????????,????????????
1?s1?? s2 ??, v?????????????????????????
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??????, ? 4.1???????,??????????????. ??? ,????
g?,??? p????? f ?????????? ? 4.3??????, exit?? f–exit, in
f-exit
f -ingf -parp
Function Body
f -outg
? 4.3: ?? f ???? PDG???
?? fg–in, out?? fg–out,???? fp–par?????.
? 4.1: ????
???? ???
exit?? ?????????????????????????
?,???????????
f–exit
in?? ??????????????????????????
?,????,???????????,???????
fg–in
out?? ??????????????????????????
?????,????,???????????,?????
??
fg–out
???? ?????????????????????????
?,????????????????
fp–par
4.2.4 ????
?????? PDG???? ,?? s?????? v??????????, PDG?? CD
?????? DD???????? s??? v??????????????????
??????????.
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??? , ? 4.4???????? writeln(c)?????????, ? 4.5?????,
??????????????????? n??????????. 
program atoi(input,output);
var c:integer;
n:integer;
ch:char;
begin
n := 0;
c := 0;
readln(ch);
while (ch >= ’0’) and (ch <= ’9’) do begin
n := n * 10 + (ch - ’0’);
c := c + 1;
readln(ch);
end;
writeln(n);
writeln(c);
end.
 
? 4.4:????? atoi?????????????????????????
 
program atoi(input,output);
var c:integer;
ch:char;
begin
c := 0;
readln(ch);
while (ch >= ’0’) and (ch <= ’9’) do begin
c := c + 1;
readln(ch);
end;
writeln(c);
end.
 
? 4.5: atoi?? writeln(c)??????????????????????????
4.3 PDG????
??????? PDG???????,???????????? CD????? DD?
?????????. CD?????????????????????????,??
??, DD??????????????.
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4.3.1 ???
?? v???n??? d? hv; ni??? ,???? dvar?,???? dvertex???.????
?????? S (?????????????)?????????? (Reaching Definition
Set) RDin(S)?,?????????.
RDin(S)  fhv; ni j?? n??? v?????? ^ n? S???????? g
??, S????????????????? RDout(S)???. ??? ? 4.1????
??????. ??? , kill(S)? S ?????2??????, gen(S)? S ???????
???????????.
RDout(S) = RDin(S)  kill(S) [ gen(S) (4.1)
?????????? S????, S??????? (???????????)???
????????????????????????????????? , SuDEF (S)
???. ??, ????????????????????????????????
???? , PoDEF (S)???. ????,????????????????????.
SuDEF (S)  PoDEF (S)
???,?????????.
SuDEFvar(S)  fdvar j d 2 SuDEF (S)g
PoDEFvar(S)  fdvar j d 2 PoDEF (S)g
???????????????????, ? 4.1?????????????????.
RDout(S) = RDin(S)  fhv; ni j v 2 SuDEFvar(S)g [ PoDEF (S) (4.2)
??, ??????????????? v ????? p????????????? ,
????? ImUSE(p)???.
 v????????
 p??? v?????? p?? v????????
ImUSE(p)??????????? p??????? s?????????, p????
???????????????, RDin(s)??????????? s?? DD????
????????.
2S ??????????
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4.3.2 ??????????
????????????????????????. ??? p????? p???
??????????? p?????????? q??????? ( SuDEF(q) ),????
?? ( PoDEF(q) ),?????????? ( ImUSE(q) )????????????.??? ,?
?????????????????, q??????? q?????????? p??
??????????????????. ???, ?????????????,???
????????,?? SuDEF, PoDEF, ImUSE?????????????.
??? r?????? s??????, s? r????????, r?????? s??
??????????, s??????, r????????, r???????????
??????????. ????,??????????????? ,????????
???????????,????????????????.
?????????????, ????????—???????????????
??,???????????,????????,??,???—????????,??
???????????????????????? (Call Graph,?? CG)????. ?
??????? CG????????? (Directed Acyclic Graph,?? DAG)????,???
??????,??/???????????.
????????????????,?????????????????????,
??,????????????????,??????????????. ???,??
?????????????????,??????????????,??????
??????????????,??????????????????. ?????
????,???????—????????????,?????.
???????????????????,??????????????????
???????????????, CG???????? (Strongly Connected Component)?
?????. ???????????????,?????????????????
??????????. CG?????????????????????? [35]? 10
????????.
??, ??????????????????????. ????????????
???, ?????????? CG??????????????????? (Reduced
Graph) CG0????,????????????? DAG???. CG0 ????,?????
?????—???????????????, CG0????????????????,
??????????????? ,????????????????????.
????????,???????.
49
?????? ANALYZEPROGRAM
Input:????? P
Output: P ? PDG
Step 1. ????? P ? CG????????????,??????????,?????
????????,?????????????????? , ?????????
????????????,????????????????? ,??????
????????.
Step 2. ??????????????????????????,??????????
????
Step 3. ????? SuDEF, PoDEF, ImUSE???????????? (??? , ?? SuDEF(f)
???? f ?????????????????).
SuDEF(f)  
PoDEF(f)  
ImUSE(f)  
Step 4. Step 1????????????? S??????????????????
(a) S??????? Step 2??????????????????ANALYZEPROCE-
DURE???????????????ANALYZEPROCEDURE? 4.3.3.??????.
(b) S ?????????? SuDEF, PoDEF, ImUSE?????????? (a)???
??.3
Step 5. ?????????????
4.3.3 ??????????
?????? f ?,??? ? 4.6???????????. ????????????
B???.?? f ???????????????????,????????????,
exit????????,????????????????????????????
?????.
function f (: : :) :    ;
var   
begin
...
end;
9>>=>>;B
? 4.6: ???????
3??? , S????? ?????????????????????,???? ??????????
? SuDEF, PoDEF, ImUSE????????,??????????????? S???????
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? 4.2: ???????????????
?????????
??? ???????????????
??? then?? else????????????????????????
??????
????? ???????
??? ??????????????????????????
???????? ?????????????????????????????
?
??? ?????????????????????
??? ???????
? 4.3: ???????????????
?????????
??? ???????????????
??? then?? else????????????????????????
??????
????? ?????????????????????????????
???
??? ??????????????????????????
???????? ?????????????????????????????
?
??? ?????????????????????
??? ???????
??? ,???????,???????????????,???????????????
???? (? 4.2??). ??,????????????????,?????????????
?????????????. ??,??????????????????????????
???? DD??????? .
?????? ANALYZEPROCEDURE
Input: ??? f
Output: SuDEF(f) , PoDEF(f) , ImUSE(f)??????
Step 1. RDin(B) fhu; fu–pari j u? f?????? g [ fhv; fv–ini j v????? g
Step 2. B ????? 4.2 , ? 4.3?????????4.??????, f ?? CD???, DD?
??????, RDout(B) , SuDEF(B) , PoDEF(B) , ImUSE(B)???????????? ,
ImUSE(B) ? f ???????????? ImUSE???????????????
?????.
Step 3. ???????,?????????????? , Global????????????
????????????.
SuDEFvar(f) == Global(SuDEFvar(B))
PoDEFvar(f) == Global(PoDEFvar(B))
ImUSE(f) == ImUSE(B)
4???? ??,???? [36]???????
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???????,???????????,???,??????????????
??,?????????????????.?????,???????????
?????,?????????????????????????.
SuDEF(f)  fhv; fv–outi j v 2 Global(SuDEFvar(B))g
PoDEF(f)  fhu; fu–outi j u 2 Global(PoDEFvar(B))g
ImUSE(f)  ImUSE(B)
Step 4. RDout(B)????, ??????????????? ,?????? n?? exit??
?? DD??? (n -f f–exit)???. ??,???,????? g????????? ,
??????m??, out???? DD??? (m -g fg–out)???.
4.3.4 ???
????, 4.3.2.??????? ??? ANALYZEPROGRAM????, ? 4.7??????
????????????.
????, Step 1?????? progression? CG???,???????????? ? 4.8
?,??????????, ffg ) fnthg?????. ??, Step 2????, Step 3????
?????????.???, Step 1????????????, Step 4(a)? ffg?????
f ? ANALYZEPROCEDURE????????????? B??????????????.
SuDEFvar(B) = ff; gg
PoDEFvar(B) = ff; g; lg
ImUSE(B) = 
f ????? g?? 9??????,???????? 8?????????, g????
?????, ImUSE(B) ? g??????.???, SuDEFvar(B)? PoDEFvar(B)??????
??????????, ????????????????, Step 4(b)?????? ffg
???? Step 4(a)??????.
SuDEF(f)  fhg; fg–outig
PoDEF(f)  fhg; fg–outig
ImUSE(f)  
?ffg??????????????,????? f ????????????????
?????????.?
???? ffg????????????????? ffg??????. ?? Step 4(a)?
??, fnthg??????. fnthg??????????,??????????????
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 
1 program progression(input,output);
2 var g:integer;
3
4 function f(p:integer):integer;
5 var l:integer;
6 begin
7 if p>1 then begin
8 l := 2 * f(p-1);
9 g := g + l;
10 f := l;
11 end
12 else begin
13 g := 1;
14 f := 1;
15 end;
16 end;
17
18 procedure nth;
19 var n,a:integer;
20 begin
21 g := 1;
22 readln(n);
23 a := f(n);
24 writeln(a);
25 end;
26 begin
27 g := 0;
28 nth;
29 writeln(g);
30 end.
 
 
1 program progression(input,output);
2 var g:integer;
3
4 function f(p:integer):integer;
5 var l:integer;
6 begin
7 if p>1 then begin
8 l := 2 * f(p-1);
9
10 f := l;
11 end
12 else begin
11
14 f := 1;
15 end;
16 end;
17
18 procedure nth;
19 var n,a:integer;
20 begin
21
22 readln(n);
23 a := f(n);
24 writeln(a);
25 end;
26 begin
27
28
29
30 end.
 
? 4.7: ????????
???.
SuDEF(nth)  fhg; nthg–outig
PoDEF(nth)  fhg; nthg–outig
ImUSE(f)  
fnthg????????????????????????????????????
???????????????. ???, fnthg?????????.
???, Step 5????????????????????????????.
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nth
f
nth
f
Extraction of strongly
connected components
? 4.8:????? progression???? CG
4.4 ???????
????? PDG????????????????? ? 4.2????????. ??
?? ?????,?? s?????? v??????????, PDG?? CD??????
DD???????? s??? v?????????????????????????
?????, PDG?????????????????????????????. ?
?? ,???????? PDG??????????????????????????
???????????????,????????????????.
???????? s???? v???????????????? V ?,?????
???????????.??? , ns? s??????????.
?????? GETSLICEONPDG
Input: PDG,? s ,?? v
Output: ???????????? V
Step 1. V  fnsg
Step 2. N  fn j n -v nsg5 [fm j m -nsg
Step 3. N 6= ??,??????????
(a) n 2 N ??????
(b) N  N   fn g
(c) V  V [ fn g
(d) n? in?????????????????????
N  N [ fm j m 62 V ^ (m - n _ m -n)g
???? m - n?m?? n???????? DD???????
????????????? s??????? Step 2?????????????.
5?????? fn j hv; ni 2 RDin(s)g????,???,??????? v???????? s?????
???????????,??????????????.
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Step 20: N  V
??,???? S???????????????,???, Step 1??????????
???.
Step 10: V  
[
si2S
(si?????)
????????????????????????, V ?????,???????
???????????????????. ??? , ? 4.9? PDG??? writeln(a)?
??? a????????????????? ? 4.9???????????????
??,????????????????? ?????????? ? 4.7??????
?????.
4.5 ??????????
????? 4.3., 4.4.???????? ??????????????. ??????
? ????,?????? ? PDG??????? (ANALYZEPROGRAM)?, PDG?????
???????? (GETSLICEONPDG)?????????,?????????????
????.
4.5.1 PDG??????
???????? PDG??????????????????????????.
PDG????????
P ??????
G ???????
L ??????????????
Si ??????????
St ????
?? 1 ???????????????????????????????????
??
(??) ??????????????????????????????
?????. ???????????????,?????????????
???????????. ??????????????????????
???????????,????????????????,????,??
????????????????????????,?????????
??????????. 2
?? 2 ???? SuDEF, PoDEF, ImUSE????????,??????????????
????
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(??) ??? p???,????????????????,???????
Sd ????, SuDEF(p)? Sd ? p????????????? SuDEF????
??????,?????????????????????????.??
???? Sd ????????????????????, ????? SuDEF
?????????????????, SuDEF(p)?????????????
??.
????? PoDEF(p)? ImUSE(p)??????????,?????????
?????????. 2
?? 3 ??? ??? ANALYZEPROGRAM??????????? S ?????????
??? Step 4(a)????????? jSj???????? , jSj? S???????????
???
(??) ????? S???????? p? SuDEFvar(p)????? g????
????? gp = true?,????????? gp = false?????.
SuDEF(p)?,??? p???,????????????????,????
??? p????????????? SuDEF??????????,????
??????????????.
?????????????? (Alias)????????,???????
?????????????. ???, SuDEF(p)?????????????
?, gp ? p?????????? q1; q2; : : :???? gq1 ; gq2 ; : : :???????
?, ??????????????????. ?? gq1 ; gq2 ; : : :??, S ????
???????????????????????,????????.
??,?? 2??,?? gp???? false???? true???????? false
?????????.
S ?????????, S ???????? p??? gp ???????? ,
?????????????????, S ???????????? S???
????????? p ? gp ??????????, S ??????????
??. ???, SuDEF?????, PoDEF, ImUSE??????????. ???
ANALYZEPROGRAM??????????, S?????????????? jSj
???????????. 2
?? 1 ??? ??? ANALYZEPROGRAM??????? O(P + Si + P  St  (G+ L))???
(??) ??? ??? ANALYZEPROGRAM? Step 1, Step 2??????????
??? CG????????????????. ????? P ?,??????
Si?,?????????. Step 3????????????????.
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ANALYZEPROGRAM??????? Step 4(a)?,?? 1, 3??,???????
?????????????????????????,????????.
???,????????????????? P ????????.
???????????????????????,????,?????
??????????????????????,????????.???
?????????????????????. ????????????
????????????????????????,?????????
?????????????????????.
???,??????ANALYZEPROGRAM???????O(P+Si+P St(G+L))
???. 2
4.5.2 PDG??????????????
PDG?????????????????.
PDG????????????????
V PDG??????
E PDG???????
??? ??? GETSLICEONPDG??, PDG????????????,???????
??????????????????????,?????? O(V + E)???.
4.5.3 ???????????
??????????????????????? O(P + Si +P  St  (G+L) + V +E)
????????,????????????????? , O(V + E)????????
????????.
??? ,??????????????????????????????????,
??????????, ??????????????????. ???, ??????
????????, O(P + Si + St  (G+ L) + V + E)???????????????.
4.6 ???
?????,??????????????,???????????? ,?????
? PDG???? ,????????????????? ????????. ???? ?
???,?????????????,???????????????????,??
???????????????????????????,???????????
?????????????????.
??????????????????????? ????, ??, Hwang????
? [18]? Horwitz????? [21]???. ??????????,???????????,
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???????? ,???????????????????????????, PDG?
????. ???,?????????? PDG??? ,???????????????
????? ????????, ??????????????????????, ??
?????????????????????????????. ??,???????
????????????????????????????? (Forward Slice)???
?????, PDG???????????????????????????????.
?????? ????????, ??????? ?????,??????????
???????????????,???????????????????????
?????????,??? ,??????????????,???????????
????????,????????? PDG???????????????????
?????????.
???? ??????????????? ,?????????????? ,????
?????????????????. ??????? SUN SPARCstation ELC????
? , 13?????, 7?????????????????? 249???????? 0.80
??,??, 8?????, 9?????????,??????????????????
???? 275???????? 1.82??,?????????????. ??,?????
??????????????????????????????????????
???.
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f-exit
f -ing
f -outg
f -parp
nth -ing
nth -outg
if p>1
l := 2*f(p-1)
g := g+1
f := 1
g := 1
f := 1
g := 1
readln(n)
a := f(n)
writeln(a)
g := 0
nth
writeln(g)
p
p
p
g
g
g
g
g
g
g
g
g
g
g
f
f
f
a
n
n
l
l
f
? 4.9:????? progression???? PDG???????? writeln(a)???? a??
???????????????????????????
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?5? ???
5.1 ?????????
????????????????????????????????? 3????
?????????
(1) Web????????????????????????????????
???????? CPU???????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
10?? 7????????????????????????????????
???????
(2) Grid???Web??????????????
Web????????????????????????????????Grid?
??????????????Grid????????????????????
??2??????????????????????????????????
???J2EE????????????????????? Grid??????????
??????????????????????????Grid???Web????
?????????????????????????????????????
(3) ???????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
?????????????????????????????????????
????????????????????????????????
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??????????????????????????????? (1)?????
??????????????????????????????????????
???????????????????????????????????????
??????????????????????
??????????????????????????????????? (2)?
Grid????????????????????????????????????
??????????????
??????????????????????????????????????
?????????? (3)???????????????????????????
?????????????????????????????????
??????????????????Grid??????????????????
??????????????????????????????????????
????????????????????????????????????
5.2 ???????
??????????????????????????????????????
??????????????????????????????????
?????????????????????????????????????
?????? (1)????????? 10?? 7???????????????????
? 3?????????????????????????????????????
????????? 5?????????????????????????????
??????????????????????????????
?????????????????????????????????????
???????????????????????????????????????
?????????????????????
?????????????????????????????????????
??????????????????????????????[9, 10]??????
??????????????????????????????????????
?????
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